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ABSTRACT 
The aim of this work is to study the impact of processing parameters on the rheological properties of Pickering emulsions containing 
bentonite particles, CTAB, NaCl and soybean oil. Emulsification experiments were performed using mixing and homogenization at 
different speeds for 10 minutes. The effects of stirring speed and homogenization were investigated to determine the best conditions 
for producing a suitable Pickering emulsion for the intended application. In order to assess the influence of processing parameters on 
the Pickering emulsion rheological behavior average droplet size was measured and rheological tests were performed on all the 
emulsions samples. The rheological behavior of these emulsions is modeled by Casson's law. Results show that the stirring speed 
first decreases the average size of the droplets, and then an effect on the initial viscosity is observed. Increasing the stirring speed 
increases the values of the initial viscosity in contrast to the infinite viscosity which is influenced by the homogenization speed. On 
the other hand, these processing parameters significantly affect the values of the yield strength. 
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INTRODUCTION 
Pickering emulsions are stabilized by solid particles and 
are characterized by their high stability against 
coalescence. Many studies have been carried out on the 
influence of the emulsion composition but just a few of 
them were conducted to understand how processing 
parameters can influence droplet size and rheological 
properties. Therefore, the rheological study must be 
taken into consideration for process design.
1
 
The rheological properties of emulsions depends on 
several physicochemical factors such as the viscosity of 
the internal phase, the fraction and the viscosity of the 
dispersant phase, particle size and size distribution, shear 
rate, nature and concentration of the surfactant and 
temperature. The factors influencing Pickering emulsion 
stability have been identified. These include parameters 
such as oil phase composition, particle characteristics, 
emulsification technique, and storage conditions. 
However, the most important factors influence particles 
size but also the rheological behavior.
2
 
Theoretically, for a given process, the particle size is 
directly related to the fraction of the dispersed phase, the 
increase of the latter causes the decrease of the particle 
size due to the increase of the viscosity
1, 3
. However, in 
other works the increase in the fraction of the dispersed 
phase automatically increase the mean of droplet size in 
the concentrated emulsions.
3
 Under certain conditions, 
when the fraction of the dispersed phase is small, the 
viscous behavior of the resulting emulsion is directly 
related to the dispersant phase 
4
. 
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Usually, in Pickering emulsions the increase of 
dispersed fraction allows formation of an interfacial 
network around droplets, effectively the solid particles 
accumulate in the form of a dense layer at the oil-water 
interface thus reducing the mean droplets size and 
increasing the stability of the system 
1, 2, 5, 6,
. This 
phenomenon is called Pickering stabilization; this should 
be achieved to protect emulsion from flocculation and 
coalescence. 
The stability of the Pickering emulsions was determined 
by mean droplet size and rheological measurements. For 
this purpose, we took an emulsion that has previously 
been reported to be stable.
7
 We studied the effect of the 
processing parameters namely the stirring speed and the 
homogenization speed on the mean droplet size and the 
rheological behavior of this bentonite-based Pickering 
emulsion.  
2. MATERIALS AND METHODS 
2.1. Materials 
Samples of treated and activated 3% sodium bentonite 
from the Hammam Boughrara were graciously supplied 
the Algerian Bentonite company (BENTAL). These 
samples were collected from Maghnia (North-West 
Algeria) deposits. The clay samples are composed 
mainly of 93% montmorillonite and 7% of illite with a 
specific surface area of 872 m
2
/g, a swelling index of 35 
cm
3
/g, a plasticity index of 120%, a cation exchange 
capacity (CEC) of 0.91 meq/g, and an average particle 
size of 74m. 8-10 
The cationic surfactant cetyltrimethylammonium 
bromide or CTAB (formula C19H42BrN with a molar 
mass of 364.45g/mol) is a BIOCHEM Chemopharma 
brand; and sodium chloride NaCl is branded (MERCK 
Eurolab, for analysis). The soybean oil is graciously 
supplied by the company CEVITAL (Algeria) and meets 
the specifications of the pharmacopoeia, its viscosity is 
80 mPa.s at 20°C and its density falls in the range of 916 
- 922 g.cm
-3
 
11, 12
. 
2.2. Formulation processes 
After wetting the bentonite in an adequate quantity of 
distilled water for 24 hours, the aqueous phase is 
prepared by mixing the bentonite suspension, the CTAB, 
and the NaCl with stirring for 1min30s using a Heidolph 
propeller stirrer type RZR1. The oily phase is then added 
drop wise while maintaining stirring at the same speed. 
The mixture is then homogenized for 10 minutes using 
the Ultra-Turrax homogenizer. The composition of the 
emulsions is given in Table 1. The emulsions were 
formulated at different agitation and homogenization 
rates according to Table 2. 
 
Table 1: Composition of studied emulsions 
Composition of 
emulsions 
O / W ratio Bentonite (%) CTAB (%) NaCl (%) 
30/70 7 0.02 0.015 
 
Table 2: Operating conditions for emulsion formulation and characterization  
N° Stirring speed 
(rpm) 
homogenization 
speed (rpm) 
Mean droplet 
Size (m) 
0 (Pa.s)  (Pa.s) 
1 850 10000 8.32 231.5 0,027292 
2 850 14000 8.42 216.8 0,01118 
3 850 12000 5.24 157.2 0,008547 
4 1500 10000 7.34 410.1 0,036064 
5 1500 14000 6.26 339.3 0,013747 
6 1500 12000 5.03 279.7 0,002635 
 
2.3. Emulsions Characterization 
2.3.1. Droplet size measurements 
A light microscope of brand HERTEL and RESSUS 
OPTIC - KASSEL 55976 was used for droplet size 
determination driven by Optica image acquisition and 
processing software. 
For each emulsion, different visual fields of gout are 
examined and about a hundred measurements were 
made to calculate the weighted droplet size average. 
2.2.2. Rheological behavior 
All rheological measurements were made using A 
HAAKE RheoStress 1 rheometer controlled by HAAK 
RheoWin Data software Manager. 
The geometry used is parallel plate with a gap of 1.5 
mm. 
The tests were performed for 300s with a dot count of 
30 for each emulsion. The temperature is kept constant 
at 20°C during all measurements. 
3. RESULTS 
3.1. Droplet size 
A stable emulsion is an emulsion which has fine 
droplets. The latter is directly related to the stirring 
speed and texture of the emulsion.
13
 
The results of the mean droplet size measurements are 
given in Table 2. 
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When comparing emulsions 1 versus 4 and 2 versus 5, 
increasing the stirring speed for the same 
homogenization speed (850 and 1500 rpm) lowers the 
average particle size from 8 to 7μm and from 8 to 6m 
respectively. For the homogenization speed of 12000 
rpm the average size of the droplets remains to be the 
same (5μm). With a 40% lowering of the stirring speed 
(1500 rpm for the emulsion 6 and 850 rpm for the 
emulsion 3), the mean droplet size remains close to 
5μm. 
Figure 1 shows the influence of the torque stirring speed 
and homogenization speed on the mean droplet size. As 
can be seen from this figure, the smallest sizes are 
obtained with the highest speeds of stirring and 
homogenization. This can be explained by the fact that 
during the stirring the droplets are formed instantly and 
the size of the latter is directly related to the stirring 
speed applied, the homogenization refines the droplets 
already formed, there is breaking of drops which is 
facilitated by the surfactant which decreases the surface 
tension. Their size is thus reduced and depends on the 
speed applied.
14
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Figure 1: Contour plot of droplet size (μm) according to stirring and homogenization speeds. 
 
3.2. Rheological study 
The shape of the rheograms illustrated in Figure No. 2 
indicates that all emulsions exhibit the same rheological 
behavior which is rheofluidifying. We note that the 
curves can be fitted using the Casson's model (R
2
 = 
0.9999). 
 
Figure 2: Viscosity flow versus shear rate curve for the 
six formulations studied. 
The Casson model is written as follows: 
15
 
       
      
        
 
Where  is the constancy of time; n the behavior index; 
   is the shear rate;    and    are the respective 
viscosities with zero and infinite shear. 
The viscosity at rest or zero shear viscosity (  ) is the 
parameter that defines the stability of the semi-solid 
product during its storage. Infinite viscosity or infinite 
shear viscosity (  ) describes the state of the product in 
use.  
From Figure 3 below, the highest values of the resting 
viscosity are obtained at high stirring speed (above 1200 
rpm) and this for the entire range of homogenization 
speed studied. This same result was obtained for a 
conventional emulsion stabilized with a surfactant. 
16
 
While the viscosity at infinity is influenced by the 
homogenization speed and not by stirring as shown in 
Table 2 and Figure 4. 
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Figure 3: Contour plot of the viscosity (Pa.s) at rest as a function of agitation and homogenization speeds 
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Figure 4: Contour plot of the viscosity (Pa.s) at infinity as a function of agitation and homogenization speeds. 
 
For a homogenization speed of 12000 rpm, the viscosity 
at infinity is less than 0.01 Pa.s for the entire range of 
stirring speed studied. 
By analyzing the rheogram of the stress as a function of 
the shear rate represented by Figure 5, we can see that 
both the stirring speed and the homogenization speed 
affect the yield stress of emulsions prepared. 
  
 
Figure 5: Shear stress versus shear rate of the six formulations 
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The yield stress values of the studied emulsions vary 
between 18 and 42 Pa. The highest (42Pa) is given by 
emulsion 6 and the smallest one by emulsion 3. Both are 
formulated at the same stirring speed but at different 
homogenization speeds. In fact,  for a stirring speed of 
1500 rpm, the highest yield stress is given by the 
emulsion 6  which is homogenized at 12000 rpm. The 
reduction of 2000 rpm in the homogenization speed 
lowers the yield stress by approximately 43% (emulsion 
4). Its increase of 2000tr/min also lowers the threshold 
stress but only by 24% (emulsion 5). 
Furthermore, when the stirring speed is fixed at 850 
rpm, the highest yield stress is given by the emulsion 
which is homogenized at 12,000 rpm. In this case, the 
reduction in the homogenization speed of 2000 rpm 
lowers the yield stress by approximately 42% (emulsion 
1). Its increase of 2000tr/min also lowers the yield stress 
but only by 31% (emulsion 2). 
The results of this study confirm that the 
homogenization speed affects the yield stress and thus 
the texture of the product. On the other hand, the most 
suitable speed in the case of our emulsion type 
(Pickering emulsion) is 12000 rpm.    
4. DISCUSSION AND CONCLUSION 
In this work, we have prepared a few Pickering 
emulsions stabilized by Algerian bentonite particles. 
Stirring and homogenization speeds were varied in order 
to study the effect of these parameters on particle size 
and  rheological behavior of the formulated emulsions. 
All emulsions exhibited shear thining non-Newtonian 
behaviour with yield stress. This rheological behavior 
can be correlated to the Casson model. The different 
rheological measurements revealed clearly the influence 
of process parameters, thereby the values of viscosity at 
rest and infinite, yield stress and mean droplet size are 
improved according to the studied speeds of agitation 
and homogenization. 
Finally, several conclusions can be drawn for our 
bentonite-based Pickering emulsions : 
- Regarding the size of the droplets which must be the 
finest, a high stirring speed is recommended. Increasing 
the homogenization rate beyond a certain value no 
longer decreases the size of the droplets. 
16
 
- A high viscosity at rest also requires a high stirring 
speed (above 1200rpm). 
- A great infinite viscosity requires a high 
homogenization speed.  
In order to obtain a Pickering emulsion with a 
significant critical stress, the homogenization rate 
should be equal to at least 12000 rpm.  
In order to choose the right conditions to formulate this 
type of emulsion, we must also take into account 
energetic aspects. The energy consumed during the 
homogenization step represents at least 80% of the total 
energy spent during the formulation of an emulsion. 
17
 
Based on our investigations, the most favorable 
operating parameters for the formulation of a Pickering 
emulsion based on Algerian bentonite are as follows: 
• stirring speed = 1500 rpm 
• homogenization rate = 12000 rpm 
These values lead to emulsions with the following 
characteristics : 
0 = 280 Pa.s;  = 0.01Pa.s; c = 42Pa; and droplet size 
= 5m. 
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